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Remarks 

By the foregoing amendment, pending claims 1-37 are cancelled, and new 
claims 38-53 are submitted; entry of the amended claims and favorable consideration 
thereof is respectfully requested. 

Objections to the Specification 

The Examiner has objected to the specification as describing Figure 5 generally 
instead of providing specific descriptions of both Figures 5a and 5b. By the foregoing 
amendment the specification has been amended and should resolve the objection. The 
Examiner has also noted a misspelling of "glycoprotein" which has been corrected. Ac- 
cordingly, the objections to the drawings and specification should be withdrawn. 

Objections to the Claims - §1 12 Issues 

The Examiner has objected to claims land 3-5 under 35 U.S.C.§112 on the 
grounds that "enhancing the level of an immune response" is indefinite. Although those 
claims are now cancelled, new claims 39, 44, 47 and 49 call for "increasing the levels of 
B and T cell lymphocyte response" and the following comments are noted. 

Physicians and biologists commonly employ the term "increasing" the levels of B 
and T cells with reference to the levels that would otherwise be present in the absence 
of the claimed treatment. Since mammals tend to vary in the levels of B and T cells, not 
only from each other but in each mammal, there is no absolute standard. Thus, the 
standard is necessarily relative, even for a single mammal, and an increased level is 
understood to refer to a relative increase in comparison with the "individual" levels pre- 
sent in the absence of the claimed treatment. 



The Examiner also objected to use of acronyms in the claims; the amended 
claims spell out the full name for each element, along with an acronym which is used to 
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refer to that element in subsequently claim language. In addition, the claims now adopt 
the Examiner's suggested language for dependent claims, using the clause : "The 
method according to claim. . Therefore, it is respectfully submitted that the rejections 
under 35 U.S.C. §1 12 are not applicable to the pending claims. 

Objections to the Claims - §102 Issues 

The present invention as specified in claims 38-53 relates to a method of treating 
a mammalian subject to protect against an infectious disease by administration of EtxB 
to improve the immune response to infectious disease antigens. 

Williams, et al (WO 97/02045) 

The Examiner has rejected former claim 1 under 35 U.S.C. §1 02(b) over Wil- 
liams, et al (WO 97/02045). This rejection is respectfully traversed. Williams relates to 
therapeutic agents for the treatment of autoimmune diseases, human leukaemia's of T- 
cell origin, human transplant rejection and graft versus host disease (see page 1, lines 
1-9). WO97/02045 does not teach or suggest therapeutic agents for use in the treat- 
ment of an infectious disease. 

The medical conditions contemplated in WO97/02045 (autoimmune diseases, 
human T-cell leukaemia's, human transplant rejection and graft versus host disease) 
are all associated with a pathological immune response. They are all mediated or ex- 
acerbated by an inappropriate immune response in the subject. A therapeutic agent for 
use in the treatment of such conditions would be expected to work by down-regulating 
the immune response or down-regulating the pathological component of such a re- 
sponse. 

Williams is concerned with autoimmune diseases which are exacerbated by an 
increase in B and T cells, as confirmed by the published study Williams, et al, "Preven- 
tion of autoimmune disease due to lymphocyte modulation by the B-subunit of Es- 
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cherichia coli heat-labile enterotoxin", Proc. Nat Acad. Sci. USA, Vol. 94, pp5290- 
5295, May 1997 (copy submitted herewith) which describes the research involved in the 
Williams PCT publication describes the down regulation of B and T cells. At page 5295, 
left side column, line 20, Williams, et al. report a "decrease" in the "overall magnitude of 
the in vivo T cell response." Furthermore, the study reports that as a result of the ad- 
ministration of ExtB, "Antigen-presenting cell activation by IFN-r may also be decreased. 
. ." (/d., lines 25-27) The reported conclusion of their study is that, "Indeed, a significant 
reduction in the severity of experimental autoimmune encephalomyelitis can be 
achieved after administration of ExtB. . ." Id. at line 51 . 

In contrast, the claimed method is provides a method to protect against infectious 
(externally caused) diseases. One skilled in this art would understand that methods 
employed by Williams to down regulate or decrease the levels of B and T cells to treat 
autoimmune diseases are the opposite of the desired objective of the claimed method of 
increasing the levels of B and T cells. One skilled in this art would not arrive at the 
invention based on the disclosure of Williams. Indeed, the disclosure of Williams 
teaches away from the claimed method and neither anticipates the claimed invention or 
makes it obvious. Accordingly, reconsideration and withdrawal of the rejection based 
on Williams is respectfully requested. 

Hazama et al 

The Examiner has rejected former claims 1 and 3-5 under 35 U.S.C. §1 02(b) 
over Hazama, et al (Immunology 1993). This rejection is respectfully traversed. As ex- 
plained by the Examiner in paragraph 10 of the Office Action, Hazama et al describes a 
study of the immune responses elicited by intra-nasal immunization with various forms 
of a recombinant glycoprotein D (gD) of HSV-1 : 

1. gD co-administered with LTB (t-gD+LTB); 

2. a fusion protein consisting of gD and LTB- t-gD-LTB; and 
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3. a fusion protein consisting of t-gD and human interleukin 2 (t-gD-IL-2). 

The antibody responses elicited by intra-nasal immunization with these antigens 
are given in Table 1 . In this table, the results indicate that a combination of EtxB + t-gD 
caused the production of a very low level of anti-HSV-1 IgG in the serum (12± mU/ml) 
and no mucosal anti-HSV on first dose. After a booster immunization the levels of IgG 
improved (1507±2356) and some IgA was seen in nasal secretions (1 12±87). The 
antibody response to the fusion protein (t-gD-LTB) is much greater, both after primary 
and booster immunization. This fact is recognized by the authors, for example on page 
647 where they state: "Therefore, the fusion protein induced the immune response 
more efficiently than did co-administration of t-gD and LTB." (column 1 , lines 9-1 1 ) 

It is clear that the authors do not consider the mucosal immune response 
generated by the t-gD + LTB mixture to be significant. For example, in the Discussion 
they state: 'We also demonstrated that t-gD-LTB elicited a mucosal immune response, 
whereas a mixture in almost the same molecular ratio of t-gD and LTB failed to induce 
such a response/' (Page 648, col 1, lines 14-17). 

In developing the data further they go on to ignore the possible use of the 
admixture favouring either a fusion protein of EtxB and t-gD or a fusion protein of t-gD 
and IL-2. 

The paper goes on to show the even the fusion protein failed to protect mice from 
infection with the virus: ". . .although t-gD-LTB elicited a serum IgG response, it failed to 
protect mice from viral infection." (page 647, column 2, lines 30-32) 

The present invention relates to a method for protecting a subject against an 
infectious disease. Although Hazama et al show a mixture of EtxB and antigen 
produces a low-level antibody response, they do not show that this is sufficient to 
protect against infection. 
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For disease protection, there must also be a T-cell response. Hazama et al 
suggest that the mixture of EtxB and antigen does not produce a T-cell response 
because EtxB may suppress T-cell activity (page 648, column 2, lines 18-24). 

Hazama thus does not disclose, much less suggest or teach using a mixture of 
EtxB and antigen to protect against infection. From the data in Table 1 , the skilled 
person would understand that a fusion protein of EtxB-antigen produces a superior 
immune response. From the data in Table 4, the skilled person would understand that 
fusion protein with IL-2, rather than EtxB is capable of protecting mice against viral 
infection. From the comments in the Discussion section (penultimate paragraph) the 
skilled person would understand that IL-2 is preferable over EtxB as it does not 
suppress cytotoxic T lymphocytes. 

In contrast, the present invention shows not only a B-cell response but also an 
increased T-cell response (see Application at p. 39 - Example 11; and Figures 16 and 
17). The claimed invention is neither anticipated by nor obvious in view of Hazama 



For the reasons stated above, neither Williams nor Hazama et al anticipate or 
make obvious the claimed method specified in claims 38-53. Accordingly, the Examiner 
is respectfully requested to withdraw the rejection and allow pending claims 38-53 of the 
application. 



Conclusion 



Respectfully submitted, 
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ABSTRACT We demonstrate that the receptor binding 
moiety of Escherichia coli heat-labile enterotoxin (EtxB) can 
completely prevent autoimmune disease in a murine model of 
arthritis. Injection of male DBA/1 mice at the base of the tail 
with type II collagen in the presence of complete Freund's 
adjuvant normally leads to arthritis, as evidenced by inflam- 
matory infiltration and swelling of the joints. A separate 
injection of EtxB at the same time as collagen challenge 
prevented leukocyte infiltration, synovial hyperplasia, and 
degeneration of the articular cartilage and reduced clinical 
symptoms of disease by 82%. The principle biological property 
of EtxB is its ability to bind to the ubiquitous cell surface 
receptor GMI ganglioside, and to other galactose-containing 
glycolipids and galactoproteins. The importance of receptor 
interaction in mediating protection from arthritis was dem- 
onstrated by the failure of a non-receptor-binding mutant of 
EtxB to elicit any protective effect Analysis of T cell responses 
to collagen, in cultures of draining lymph node cells, revealed 
that protection was associated with a marked increase in 
interleukin 4 production concomitant with a reduction in 
interferon y levels. Furthermore, in protected mice there was 
a significant reduction in anti-collagen antibody levels as well 
as an increase in the IgGl/IgG2a ratio. These observations 
show that protection is associated with a shift in the Thl/Th2 
balance as well as a general reduction in the extent of the 
anti-type II collagen immune response. This suggests that 
EtxB-receptor-mediated modulation of lymphocyte responses 
provides a means of preventing autoimmune disease. 

Autoimmune diseases remain a major health problem despite 
enormous efforts to understand the underlying causative mech- 
anisms. The lack of clarity with regard to both the predisposing 
factors and the precise antigenic targets of the immune response 
have restricted the development of effective therapeutic ap- 
proaches. However, recent evidence suggests that agents which 
modulate the nature of the immune response may be effective as 
a means of prophylaxis or treatment. We recently reported that 
the nontoxic B subunit of Escherichia coli heat-labile enterotoxin 
(EtxB) exerts profound modulatory effects on lymphocyte pop- 
ulations in vitro; notably it was shown to cause the polyclonal 
activation of B cells, to induce apoptosis in CD8 + T cells, and to 
have a negligible direct effect on CD4 ' T cells (1-3). The failure 
of a non-receptor-binding mutant of EtxB, EtxB(G33D), to cause 
such differential activation and apoptosis of lymphocytes pro- 
vided unequivocal evidence for a critical role of receptor inter- 
action in mediating these events. The principle receptor to which 
EtxB binds is a ubiquitous cell surface glycolipid, GMI ganglio- 
side [ref. 4; Gal^3GalNAcJ34(NeuAca3)-Galj34Glc^lCer], 
which consists of a ceramide tail inserted in the outer leaflet of 
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the plasma membrane linked to an exposed pentasaccharide hv 
moiety. In addition to binding GMI, EtxB binds weakly to other CO 
gangliosides, including non-galactose-containing GM2 and 
asialo-GMl (5) as well as galactoproteins (6, 7). Although the 00 
precise function of these receptors remains unknown, our obser- 
vations led us to suggest that their cross-linking by EtxB might be 
sufficient to modulate the environment in which an immune 
response to other antigens, including autoantigens, is initiated in 
vrva To investigate this possM^ \ 

t can prevent autoimmune disease in a well established model of^J 

' arthritis. 

Collagen-induced arthritis (CIA) is an autoimmune disease 
inducible in mice, rats, and primates by immunization with 
homologous or heterologous type II collagen (CII) in adjuvant 
(8-10). The resulting pathology resembles rheumatoid arthritis 
with profound leukocyte infiltration, hyperplasia of the synovium, 
and breakdown of cartilage and bone. Although the antibody 
response to CII appears to be important in the development of 
full pathology in CIA (11, 12), the disease is clearly T cell- 
dependent because (/) disease can be transferred into naive 
recipients using CD4 + T cells specific for CII from arthritic mice 
(13, 14), and (ii) it can be prevented by the in vivo administration 
of monoclonal antibodies to CD4, TCR, or class II major histo- 
compatibility complex (MHQ refe. 15-17). Evidence suggests 
that the nature of the CD4 + T cell response with respect to the 
balance between Thl cytokines [interferon y (IFN-7) and inter- 
leukin (IL>2] and Th2 cytokines (IL-4, IL-10, and IL-13) plays an 
important role in CIA. As with other inflammatory autoimmune 
diseases, CIA appears to be promoted by a Thl-dominated 
response and is down-regulated if relative levels of Th2 cytokines 
are increased. Thus, early injection of IL-12 (a cytokine that 
enhances Thl responses) or IFN-7 increases the severity of 
arthritis in collagen-challenged mice (18, 19), whereas treatment 
with ILr4, H^13, or H^IO prevents disease (20, 21). In addition, 
time course studies have shown that IFN-y-producing T cells 
dominate the anti-CII response during disease onset but that later 
remission is accompanied by a decline in IFN-7 levels and 
increased IL-10 (22). Although the precise role of Till cytokines 
in the causation of CIA remains unclear, the ability of IFN-7 to 
promote the production of complement fixing IgG2a antibody 
and the ability to enhance macrophage activation and inflamma- 
tory mediator release are likely to be critical (23). 

In this paper, we demonstrate that receptor binding by EtxB 
can prevent autoimmune disease in the DBA/1 mouse model 
of arthritis. Disease protection was evident both clinically and 
histologically when EtxB was given either at the same time or 
21 days after collagen challenge. EtxB did not abrogate the 
induction of the anti-CII immune response; however, the 
profiles of T cell cytokines and antibody isotypes was substan- 
tially altered. These studies identify EtxB-receptor interaction 

Abbreviations: CIA, collagen-induced arthritis; CII, type II collagen; 
Etx, E. coli heat-labile enterotoxin; EtxB, B subunit of £. coli heat- 
labile enterotoxin; IFN-7. interferon 7; IL, interleukin; IFA, incom- 
plete FTeund's adjuvant; CFA, complete Freund's adjuvant;, MBP, 
myelin basic protein. 
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as an important target for modulating adverse immune reac- 
tions and are suggestive of a role for GM1 -mediated signaling 
events in controlling cells of the immune system. 

MATERIALS AND METHODS 

Mice. Male DBA/1 mice were purchased from Harlan Olac 
(Bicester, U.K.) and maintained in the departmental animal 
facilities. Mice were 10 weeks of age at the time of immunization. 

Antigens, Immunization, and Induction of Arthritis. Recom- 
binant preparations of EtxB and EtxB(G33D) were purified as 
reported (24). Both proteins are well characterized with respect 
to purity, physicochemical properties, and their ability to bind to 
GM1 (1). Either protein (100 jug) was injected s.c. into the dorsal 
flank in incomplete Freund's adjuvant (IFA). CII collagen (from 
bovine nasal septum; Sigma) was dissolved in 0.05 M acetic acid. 
To induce arthritis, 100 /ig of CIT was injected sx. at the base of 
the tail in complete Freund's adjuvant (CFA) and in IFA 21 days 
later. For use in T cell assays, samples of CIT were placed in 
boiling water for 40 min before extensive dialysis against Hanks' 
balanced salt solution (Ca 2 * and Mg 2+ free; Flow Laboratories) 
and sterilization by filtration (0.2-ftm filter; Miliipore). Heating in 
this way aids the breakdown of the molecule, allowing more 
effective antigen presentation in in vitro assays. 

Disease Assessment Mice were examined visually for the 
incidence of arthritis in the tarsal (ankle) joints at various time 
points; the arthritis was assessed by measuring the tarsal joints 
with a micrometer on day 45 after disease induction. On day 45, 
experiments were terminated and stifle (knee) joints were dis- 
sected out, fixed in neutral-buffered formalin, and decalcified. 
Longitudinal sections were stained with hemotoxylin and eosin 
and scored blind according to an established grading system (25): 
0, normal; 1, synovial hyperplasia with pannus formation and mild 
inflammation or noninflammatory mild articular cartilage de- 
generation; 2, articular cartilage degeneration with synovial hy- 
perplasia and pannus formation, with moderate to severe inflam- 
mation; 3, same as 2 but also with significant inflammation and 
evidence of inflammatory cells and debris in the joint space. 

Assessment of T Cell Proliferation and Cytokine Produc- 
tion* Mice were killed 16 days after immunization, and inguinal 
lymph node cell populations were derived and cultured at 3 x 
10 6 viable cells per ml in either 2-ml volumes in 24-weIl plates 
or 8-ml volumes in 25-cm 3 flasks (Nunc) as described (26). 
Cultures were established in the presence or absence of 50 
/Leg/ml CII as indicated, and at desired time points, triplicate 
100-pd samples were withdrawn for assessment of proliferation 
(f 3 H]thymidinc incorporation; ref. 26) or cytokine production. 
For the assessment of IFN-? and IL-4 levels, a modified ELISA 
technique was employed (1, 27) in which cell samples were 
cultured overnight at 37°C in a humidified atmosphere of 5% 
CO2 in capture antibody-coated EUSA plates before detec- 
tion of cytokine. In this way, cytokine production by cells over 
a defined period of culture could be assessed in a way in which 
the effects of differential cytokine lability were minimized. 
Cytokine levels were calculated against standard curves pro- 
duced with the appropriate recombinant cytokine by weighted 
probit analysis (28). 

Measurement of Antibody Responses. Serum samples were 
taken 15 days after inimunization of mice and were analyzed for 
the presence of anti-bovinc CII antibodies by EliSA (29). The 
subclass distribution of the anti-collagen antibody response was 
determined using ELISA with specific detecting antibodies for 
murine IgGi, TgG^ IgG2b, and IgG 3 (Serotec). Antibody titers 
were calculated by linear regression analysis on log-transformed 
data and are expressed as endpoints, where the endpoint is 
calculated as the mean optical density obtained from eight 
unimmunized mouse scrum samples run on each ELISA plate. 

Statistical Analysis. Statistical significance was determined 
using a Student's / test. 



RESULTS 

EtxB-Receptor Interaction Prevents CIA Immunization of 
male DBA/1 mice with bovine CII resulted in classical symptoms 
of arthritis evidenced by an increase in ankle thickness (Fig. 1). 
To determine if EtxB could ameliorate the induction of arthritis, 
mice were injected s.c. with 100 ftg of EtxB into the dorsal flank 
and were challenged at the same time with CIT at the base of the 
tail. The inclusion of EtxB resulted in a dramatic reduction in joint 
swelling to an extent that there was no significant increase in ankle 
thickness in comparison with unimmunized control mice (P > 
0.85). In the representative experiment shown, EtxB injection on 
day 0 reduced joint swelling by 82% (P < 0.001). Such protection 
from arthritis was also evident from histological analysis of stifle 
joints. Challenge with collagen alone led to a marked disruption 
of joint structure in 71% of the animals (Table 1). This was 
characterized by a loss of articular surface and associated pannus 
formation (Fig. 24), intense infiltration of the synovium with 
neutrophils and macrophages, and clear necrosis and loss of 
synoviocytes (Fig. IB). In contrast, mice challenged with collagen 
and concomitantly injected with EtxB exhibited no joint destruc- 
tion (Fig. 2C), and in 13 of 15 mice, there was no sign of any 
inflammation (Fig. 2D and Table 1). In the two animals in which 
histological abnormality was noted, the score of arthritis was very 
low, and the changes were restricted to slight synovial hyperplasia 
or mild diffuse neutrophil infiltration. In both cases, there were 
minimal changes to the articular surfaces. 

To evaluate if EtxB could be used to modulate CIA if given 
to animals in which the pathological immune response to CII 
was established, injection of EtxB was delayed until day 21 
after collagen challenge. By this time, antibody and T cell 
reactivity to CTI is clearly demonstrable, and some animals 
exhibit initial signs of joint swelling and infiltration (data not 
shown). The results indicate that when mice were given EtxB 
at this late stage, the histological incidence of arthritis was 
reduced from 72% to 43% (Table 1), and there was a signif- 
icant reduction in mean ankle thickness (Fig. 1; P = 0.05). Of 



3.6 

LU 
CO 
+ 1 

E 
to 

g 3.2 



c 

< 



2.6 




1. 

o 

LU 
-* 
CD 



C 

to 

u 



Collagen Collagen Collagen Collagen 
EtxB EtxB EtxB(G33D) 
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Fig. 1. EtxB, but not EtxB(G33D), dramatically protects mice 
from the development of CIA. Groups of male DBA/1 mice (7-15 
animals per group) were either unchallenged (□; negative control) or 
were each injected with 100 /ig of bovine collagen in CFA on day 0 by 
s.c. injection at the base of tail. With collagen-injected mice, either the 
animals were left unprotected (■; positive control) or attempts were 
made to prevent disease development by the separate s.c. administra- 
tion into the flank of 1 00 /xg of EtxB in IFA on either day 0 or day 21 
(e) or 100 Mg of EtxB(G33D) in IFA on day 0 (m). All animals, except 
the negative control, received a boosting dose of collagen in IFA s.c. 
at the base of tail on day 21, and disease severity was assessed on day 
45 by measuring hind limb ankle thickness. 
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Fio. 2. EtxB protects mice from histopathological changes in the joint associated with arthritis. Stifle joints were removed on day 45 from mice 
challenged with either bovine collagen alone (unprotected, A and B) or bovine collagen and ElxB (protected, C and D) y as described in the Fig. 
1 legend. Low magnification reveals marked disruption of joint structure with loss of articular surface and associated pannus formation, with focal 
granulomatous inflammation and fibrosis of the epiphyseal cavities of the femur and tibia, and necrosis and intense inflammation of the synovium 
in unprotected mice (A). In contrast, there is no histological abnormality in joint microarchitecture of EtxB-protected mice (5). Microscopic 
examination of the synovium at higher magnification clearly shows necrosis and loss of synoviocytes with an extensive infiltration of neutrophils 
and macrophages in unprotected mice (C), whereas in protected animals (£), the synovial membrane comprises a regular layer of synoviocytes 
with underlying loose connective tissue. 



the three mice that showed histological signs of disease, 
marked pathological alterations were present in only one 

Table 1. Histological signs of joint damage in collagen- 
induced arthritis 



Collagen* 


Toxin* 


Incidence* 


Histological 
score§ 






0/7 (0%) 


0.00 ± 0.00 


+ 




10/14 (71%) 


1.88 ± 0.35 


+ 


EtxB (day 0) 


2/15 (13%) 


0.62 ± 0.38 




EtxB (day 21) 


3/7 (43%) 


1.62 ± 1.59 


+ 


EtxB(G33D) (day 0) 


5/7 (71%) 


1.92 ± 0.49 



*Bovinc CII given in CFA s.c. at the base of tail on day 0 and in IFA 
on day 21. 

tEithcr EtxB or EtxB(G33D) (100 /xg) given in IFA s.c. on the dorsal 
flank on the day indicated. 

*Thc number of mice with arthritis assessed histologically 45 days after 
collagen injection over the total group size. 

^Sections of knee joints were scored blind for joint changes according 
to the following grading system: 0, normal; 1, synovial hyperplasia 
with pannus formation and mild inflammation or noninflammatory 
mild articular cartilage degeneration; 2, articular cartilage degener- 
ation with synovial hyperplasia and pannus formation, and moderate 
to severe inflammation (polymorphonuclear leukocytes and macro- 
phages); 3, Articular cartilage degeneration with synovial hyperplasia 
and pannus formation, severe inflammation (polymorphonuclear 
leukocytes and macrophages), and significant inflammation in joint 
space with polymorphonuclear leukocytes, macrophages, and debris. 
Data are shown as the mean ± SEM of the positive animals. 



(score = 3), with the other two showing only slight synovial 
hyperplasia in one stifle joint (score - 0.25). 

To assess if EtxB-receptor interaction was necessary to elicit 
disease protection, mice were injected with CII plus a non- 
rcceptor-binding mutant of EtxB, EtxB(G33D). Such treat- 
ment failed to protect the animals from the development of 
arthritis, as evidenced by the lack of differences in the extent 
of ankle swelling (Fig. 1), the incidence of joint damage, or the 
histological score of disease (Table 1), compared with mice 
given CII alone. We conclude that EtxB can prevent both the 
induction and progression of CIA and that this is mediated by 
a mechanism dependent on receptor interaction. 

Receptor Binding by EtxB Does Not Block the Establish- 
ment of an Anti-Collagen Immune Response. To elucidate how 
injection of EtxB abrogates the induction of CIA, we investi- 
gated whether receptor interaction prevents the estabtishment 
of either a T cell or antibody response to CII. To assess T cell 
reactivity to collagen, inguinal lymph node cells were isolated 
from groups of mice 16 days after injection with either EtxB 
plus CII (protected) or CII alone (unprotected), and their in 
vitro proliferative responses were measured in the presence or 
absence of CII. Strong proliferative responses to CII were 
detected in cultures of cells from both protected and unpro- 
tected animals (Fig. 3L4). Although the magnitude of the 
responses was similar, there was a slight shift in the kinetics of 
the reaction with a delay of 1 day in attaining peak thymidine 
incorporation in cultures of cells from protected mice. There- 
fore, while there may be some change in the nature of the 
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Fjg. 3. Receptor interaction by EtxB does not prevent T cell reactivity to CII but docs reduce the anti-CH antibody response. {A) Inguinal lymph 
node cells were isolated 16 days after injection with collagen and were cultured either in the presence (solid symbols) or absence (open symbols) 
or 50 jig/rnl of heat denatured bovine CII. Identical cultures were established from either EtxB-protected (triangles) or unprotected (squares) mice. 
Proliferation in these cultures was measured on days 2 to 6 by assay of [ 3 H]thymidine incorporation. (B) Scrum samples from mice (n = 1 1) injected 
either with CII alone or with CII plus EtxB (as indicated) were collected 15 days after immunization and assayed for the presence of anti-bovine 
CII antibodies. End point titers of total anti-CII IgG were calculated by linear regression analysis for each animal and are shown (D) along with 
the mean (bar) for the group. 



anti-CII T cell, response it is clear that protection is not due 
to EtxB inhibiting T cell reactivity to CII. 

Analysis of serum samples taken from mice 15 days after 
challenge with either CII alone or CII in combination with 
EtxB revealed that both groups of animals had mounted an 
anti-CII antibody response (Fig. 3B). While there was consid- 
erable variation in the anti-CU lg titer between mice, the mean 
antibody level in protected animals was approximately 5-fold 
lower than in the unprotected group (P < 0.03). Consequently, 
EtxB-mediated protection against arthritis is not due to a 
complete inhibition of anti-collagen antibody production but is 
associated with a reduction in the magnitude of that response. 

Protection from Arthritis Is Associated with an Alteration in 
the Nature of the Anti-Collagen Immune Response. While EtxB 
did not prevent the induction of either antibody or T cell reactivity 
to collagen, it is possible thai protection was associated with a 
shift in the nature of these responses. To test this, the production 
of IFN-y and IL-4 were assessed throughout the timecourse of 
lymphocyte proliferation to Cll. Identical cultures of inguinal 
lymph node cells were established from protected and unpro- 
tected mice, and on days 2-6 triplicate samples were removed for 
cytokine measurement The T cell response to CII in cultures 
from animals challenged with CII alone was associated with the 
production of high levels of IFN-y peaking on day 3 of culture and 
remaining elevated throughout the test period (Fig. 4). In con- 
trast, such cultures contained negligible quantities of IL-4, only 
slightly exceeding, on day 4, that produced by cells cultured in the 
absence of CII. Cells from protected mice produced IFN-y in 
response to CII; however, the levels were lower and peaked 1 day 
later compared with those observed in cultures from unprotected 
mice. In addition, there was a sharp decline in the level of IFN-y 
detected in cultures of cells from protected animals on days 5 and 
6. Of greater importance was the observation that the anti-CII 
response in protected animals was associated with the release of 
high levels of IL-4. These data reveal that protection is associated 
with an 8-fold increase in the ratio of IL-4 to IFN-y production 



when comparing the peak level of each cytokine detected. A 
similar shift in the cytokine profile did not occur after treatment 
with EtxB(G33D) (data not shown). We conclude that receptor 
interaction by EtxB in vivo causes a dramatic shift in the profile 
of cytokines produced in vitro in cultures of lymph node cells 
responding to CII. 

To evaluate if there was also a shift in the nature of the immune 
response to CII in vivo in EtxB-protected mice, the TgG subclass 
distribution of anti-CII antibody was determined. Quantities of 
anti-CII IgGl, lgG2a, IgG2b, and IgG3 in serum samples, taken 
from mice 15 days after challenge with either EtxB plus CII or CII 
alone, were measured by EUSA. Fig. 5 shows the titer of each 
IgG subclass in the anti-CII response from protected and unpro- 
tected mice. The data show that all four IgG subclasses are 
represented in the anti-CII response from both unprotected and 
protected mice, but importantly, there is a clear increase in the 
IgGl/IgG2a ratio from 2.4 to 7.3 in those animals given CII plus 
EtxB. We conclude that injection of EtxB alters the nature of the 
T cell and antibody response to CII, such that protection against 
arthritis is associated with a reduction in the anti-CII antibody 
level and a shift toward a more Th2-dominated immune response. 

DISCUSSION 

This paper establishes that receptor-interaction by EtxB can 
prevent the induction of arthritis by modulating T cell and 
antibody responses to CII in vivo. The anti-CII T cell response 
in CIA is normally associated with the production of high levels 
of Thl cytokines (22) and consequent help for the production 
of complement fixing IgG2a antibody (30, 31). Evidence 
suggests that these antibodies play an important role in initi- 
ating joint inflammation (11), which is accompanied by leu- 
kocyte infiltration and macrophage activation (32). These 
pathological changes facilitate the breakdown of cartilage and 
bone, which characterizes inflammatory arthritis. Our data 
clearly demonstrate that EtxB-mediated protection from CIA 
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Fro. 4. EtxB alters the nature of the T cell response to CII. Inguinal 
lymph node cells, taken from mice 15 days after challenge with either CD 
or CTT plus EtxB, were cultured in the presence or absence of 50 /ig/ml 
CII. On each day of lymph node cell culture, triplicate samples were 
removed and assayed for the production of IFN-7 or IL-4 over an 18-h 
period by standard ELISA. Cytokine levels were calculated against 
standard curves produced with the appropriate recombinant cytokine by 
weighted probit analysis. The quantities of each cytokine (as indicated) 
produced in lymph node cell cultures from unprotected mice in the 
presence (■) or absence (□) of collagen and from protected mice in the 
presence (m) or absence (El) of collagen are shown. 

is associated with a change in the profile of cytokines produced 
by lymph node cells responding to CII. There was a reduction 
in levels of IFN-7 and a dramatic increase in IL-4 production, 
resulting in an 8-fold increase in the IL-4/IFN-y ratio in 
protected versus unprotected mice. Since levels of IL-4 and not 
the absolute amount of IFN-y determine the balance between 
Th2 and Thl responses in vivo (33, 34), the functional outcome 
of an immune response is best predicted by the quantity of IL-4 
and the ratio of IL-4 to IFN-y (33-35). Thus the increased 
production of IL-4 and the shift in the IL-4/IFN-7 ratio 
suggest that EtxB alters the balance of anti-CII T cell reactivity 
from a Th1 -dominated response to one favoring Th2 activa- 
tion. Tn support of this contention, EtxB adrninistration led to 
a dramatic reduction in the level of anti-CII IgG2a antibodies 
(P < 0.001 ) and an increase in the TgGl/IgG2a ratio. However, 
it should also be noted that the levels of all of the IgG isotypes 
to CII were markedly diminished in protected mice. We 
conclude that receptor interaction by EtxB causes a clear shift 
in the Thl/Th2 balance as well as a general reduction in the 
extent of the anti-CII immune response. 

The alterations to the anti-CII response that result from EtxB 
administration are entirely consistent with the observed abroga- 
tion of QA. Indeed, strategies that block Thl cytokine release, 
or enhance the levels of Th2 cytokines, have been reported to 
protect animals from a variety of inflammatory diseases including 
CIA (20, 21, 36, 37). Our finding that protection could be 
achieved even once the pathological immune response to CII was 
established demonstrates that EtxB-receptor interaction can 
modulate an existing immune response. Alternative strategies for 
preventing inflammatory disorders have included the induction 
of mucosal tolerance after oral or intranasal delivery of autoan- 
tigens or peptides (38-40). Interestingly, a recent report demon- 
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Via. 5. Admin istration of EtxB leads to a reduction in the levels of 
all IgG isotypes in the anti-CII response and an altered IgGl/IgG2a 
ratio. Serum samples from mice (n ~ 1 1) injected either with CII alone 
(A) or CII plus EtxB (B) were collected 15 days after immunization 
and assayed for the presence of anti-bovine CD antibodies of each IgG 
isotype (as indicated). End point titers of each isotype were calculated 
by linear regression analysis for each animal and the mean values 
(±SEM) for each group are shown. 

strated that direct chemical coupling of myelin basic protein 
(MBP) to cholera toxin B subunit (CtxB) can reduce the intra- 
gastric dose of MBP required to induce tolerance for delayed type 
hypersensitivity and consequent protection from experimental 
autoimmune encephalomyelitis (41). This effect is likely to de- 
pend on a mechanism involving enhanced receptor-mediated 
uptake of MBP from the gut lumen. Whether oral delivery in this 
way also involves modulation of the normal mucosal response in 
a similar way to that reported here remains to be established. 
However, the surprising observation that IFN-7 levels were 
enhanced after intragastric administration of CtxB-MBP is sug- 
gestive of another mechanism. 

How might EtxB-receptor interaction modulate the nature of 
the immune response in QA? It is clear that EtxB and its 
homologue, CtxB, have profound effects on T and B cells both in 
vitro and in vivo. In this regard, CD8 + T cells are depleted from 
the epithelial compartment of the small intestine after oral 
administration of CtxB (42) and rapidly undergo apoptosis in vitro 
if they arc cultured with EtxB (2). By contrast, both EtxB and 
CtxB activate resting B cells causing an increase in the levels of 
class II MHC on the cell surface (3, 43). For EtxB, this increase 
in class II MHC is associated with enhanced expression of B7, 
ICAM-1, CD40, and CD25 and occurs in the absence of signif- 
icant proliferation (3). None of the observed effects of EtxB are 
exhibited by EtxB(G33D) t indicating a complete dependence on 
receptor interaction in their causation. While EtxB is known to 
bind to a variety of different gangliosides and galactoproteins, its 
principle receptor is likely to be GMl ganglioside. The observa- 
tion that CtxB exerts similar modulatory effects on lymphocytes 
and yet lacks the ability to bind GM2 or galactoproteins supports 
the contention that it is GMl-ganglioside interaction that pro- 
foundly alters lymphocyte responses. 

The effect which receptor-binding has on the response to CII 
is consistent with its modulatory properties for lymphocyte 
populations. In particular, increased surface expression of class II 
MHC, B7, ICAM-1, and CD40 by B cells is likely to enhance their 
functional activity as antigen-presenting cells and therefore in- 
crease their involvement in stimulating the T cell response to CII. 
It is known that presentation of antigen by B cells favors the 
induction of Th2-dominated responses (44). Indeed, work by Day 
et al has established that targeting autoantigen to B cells, by 
linking it to anti-IgD, can abrogate a pathological Thl response 
to MBP and consequendy prevent experimental autoimmune 
encephalomyelitis (45). If EtxB activates B rells and promotes 
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Th2 responses, one might have expected an increase in the overall 
antibody response to CII or at least the elevated production of 
anti-CHI TgGl antibodies. However, while protection was associ- 
ated with an increase in the relative proportion of IgGl, the titer 
of all IgG isotypes, including IgGl, was markedly reduced by EtxB 
administration. There are several possible explanations for this. 
First, the antibody response to CTT during the normal develop- 
ment of CIA is likely to be stimulated by both the immunizing 
dose of CII and the subsequent presentation of autologous 
collagen released during pathological damage to the joints. 
Therefore, the prevention of joint damage that occurs after 
administration of EtxB would be expected to reduce antigenic 
load and result in lowered antibody titers. Support for this comes 
from our finding that the proportion of serum anti-collagen 
antibodies which recognize murine Cll, rather than being specific 
for bovine CTT, was markedly reduced in protected mice com- 
pared with that found in unprotected animals (unpublished 
observations). Second, a reduction in Thl activity and associated 
IFN-7 production would limit the activation of macrophages and 
dendritic cells and hence d ecrease the overall magnitude of the 
in vivo T cell response. Because" it is only the limited number of 
B cells that have Ig specific for CII which will be involved in its 
presentation to T cells, the polyclonal activation of the B cell 
population by EtxB is unlikely to compensate for the restricted 
activity of other antigen-presenting cells. Antigen-presenting cell 
activation by IFN-7 may also be^j jgcigase d as a result of EtxB 
administration because GM1 -binding is known to deplete CD8+ 
T cells (1, 2), which are a potent source of this cytokine (46). The 
removal of CD8 + T cell derived IFN-7 would also provide a 
mechanism for the observed Thl-to-Th2 switch in the anti-CU 
response. Although this population does not appear to be critical 
for disease induction, it has been found that Ql-specific CDS * T 
cell hybridomas can be derived from mice immunized with CII in 
CFA (47). Third, it remains possible that EtxB-receptor interac- 
tion may have other effects on the activity of antigen-presenting 
cells, for example, modulating uptake and processing or the 
expression of important costimuiatory molecules. Such an effect 
could be mediated indirectly, for example, through enhanced 
secretion of IL-10, or be the direct result of EtxB binding to these 
cells. 

The results of our studies clearly indicate that EtxB-receptor 
interaction can abrogate CIA, and suggest that agents which bind 
to GM1 may provide a means of preventing or treating human 
rheumatoid arthritis. The observation that EtxB induces a Thl- 
to-Th2 switch heralds the possibility that such agents will find 
wider therapeutic applications in controlling other inflammatory 
disorders, such as multiple sclerosis, type I diabetes, and auto- 
immune uveitis. All of these diseases are thought to be initiated 
by autoreactive Thl cells (48), and evidence from relevant 
experimental models suggests that protection can be afforded by 
the induction of a Th2 response (36, 37, 48, 49). Indeed, a 
significant reduction in the severity of experimental autoimmune 
encephalomyelitis can be achieved after administration of EtxB 
at the time of challenge with MBP (unpublished data), highlight- 
ing the wider applicability of our findings in ameliorating inflam- 
matory autoimmune diseases. 
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